Aims: To characterise the cognitive, motor, and language skills of toddlers and preschoolers who had been physically abused and to obtain concurrent MRIs of the brain. Methods: A between groups design was used to compare a sample of 19 children, aged 14-77 months, who had been hospitalised for physical abuse with no evidence of neurological injury to a comparison group of 19 children matched for age and socioeconomic status. Children underwent cognitive, language, and motor testing within three months of their discharge from the hospital. Caregivers of the injured children were interviewed and were asked to complete questionnaires to characterise the child's developmental level and behaviour just prior to the hospitalisation. Results: Children who had been physically abused scored significantly lower than the comparison group on measures of cognitive functioning, motor skills, and language skills. The groups did not differ in child behaviour ratings completed by the caregivers. MRI of the brain was performed for 15 children in the physical abuse group; two were found to have significant cerebral atrophy. Conclusions: Children who have been physically abused are at high risk for delays in cognitive, motor, and language development. Standard of care for these children should include developmental testing as well as neuroimaging of the brain to detect occult brain injury. C hild maltreatment has been shown to be related to behavioural, emotional, social, and cognitive difficulties in children. A large scale study of child maltreatment using school records and interviews found that, relative to their peers, maltreated children had significantly lower grades, repeated more grades, and had greater behavioural difficulties.
C
hild maltreatment has been shown to be related to behavioural, emotional, social, and cognitive difficulties in children. A large scale study of child maltreatment using school records and interviews found that, relative to their peers, maltreated children had significantly lower grades, repeated more grades, and had greater behavioural difficulties. 1 Studies using standardised measures of cognitive functioning have also found that maltreated children perform lower than comparison children from similar sociodemographic backgrounds. [2] [3] [4] Many studies of child maltreatment combined children exposed to sexual abuse, inflicted brain injury, physical abuse, and neglect into heterogeneous groups. Often the children are not screened for neurological involvement and the presence of occult inflicted brain injury in a subset of maltreated children is likely to unduly lower group performance on cognitive measures. Children who have been physically abused but do not have documented head trauma are at high risk for positive findings on neuroimaging studies. Rubin and colleagues 5 examined a sample of 65 children under the age of 2 years hospitalised for skeletal and soft tissue injuries that were high risk for causation by physical abuse. Approximately 37% of children had abnormalities on computed tomography (CT) or magnetic resonance imaging (MRI) of the brain, including skull fractures, intracranial injuries, and scalp swelling. This rate of neuroimaging abnormality is very similar to that which we identified in our studies of children with inflicted traumatic brain injury as prior abnormalities were found in 40% of the children. 6 To date, no study has performed MRI of the brain and developmental testing concurrently on children who have been physically abused and have no history of head trauma. In this pilot study, we investigated the cognitive performance of preschoolers who had been physically abused and who had undergone MRI of the brain in comparison to sociodemographically matched community controls. We hypothesised that relative to the comparison group, physically abused children would perform significantly lower on measures of cognitive, motor, and language development and that their behaviour would be rated less favourably by caregivers. We also hypothesised that MRI of the brain would reveal occult brain injuries in a subset of physically abused children.
METHODS

Participants
Physical findings and developmental status were prospectively evaluated in 19 children ranging in age from 14 to 77 months who were hospitalised because of abusive injuries. No child had documented head trauma and none were reported to be sexually abused or had physical findings suggestive of sexual abuse. These children were hospitalised at Memorial Hermann Children's Hospital in Houston, Texas. Inclusion criteria were: (1) gestational age of at least 32 weeks; (2) no prior known developmental delays; (3) no pre-existing metabolic or neurological conditions (seizure disorder, cerebral palsy, etc); (4) no known history of sexual abuse; and (5) no known brain injury. Children received a detailed physical examination by a paediatrician and skeletal surveys. As part of a prospective study, MRI of the brain was performed on 15 of the children. The remaining four children could not be scanned because of sedation difficulties or parental refusal. The determination of probable abuse was made by the Child Protection Committee at each hospital and the state protective and regulatory agency (Child's Protective Services). Injuries were considered highly suspicious of abuse if there were inconsistencies between the type of injury and mechanism of injury and unexplained injuries 7 8 (see table 1 for demographic and injury data). For children in the physical abuse group, all had bruising and lacerations consistent with intentional injury (pattern and location of bruises), 57% sustained fractures consistent with intentional injury (spiral or multiple fractures of varying age with no history of accidental trauma), and 40% were severely burned and the pattern was consistent with abuse.
Nineteen comparison children were selected from a larger sample of 39 children with no history of injury. The comparison children were recruited from hospitals at which the physically abused children had been hospitalised, federally subsidised clinics, and from community notices. Exclusion criteria included: gestational age less than 32 weeks, developmental delay, and known neurological disorders. The comparison children were screened for attainment of appropriate developmental milestones prior to enrolment in the study. The comparison children were matched to the physical abuse group by age (within 4 months) and socioeconomic status (Hollingshead Four Factor Index of Socioeconomic Status 9 ). The 19 children in the comparison group did not significantly differ from the physically abused children in gender (x 2 (1, n = 38) = 1.69, p = 0.19) (see table 2 for demographic information). Birth records were obtained from the medical facilities. If such documentation was not available, birth weight and gestational information was obtained from the biological mothers. Birth weight was missing for two comparison children and gestational age was missing for one comparison child. The groups did not differ in birth weight (F(1,34) = 1.67, p = 0.20) or gestational age (F(1,35) = 2.43, p = 0.13). Written informed consent to participate in the study was obtained either during the initial hospitalisation or following discharge. For children under the conservatorship of the Child's Protective Services, consent to participate was obtained from the agency following placement of the child in foster care or voluntary family placement. The study was approved by and conducted in accordance with the ethical guidelines of the Institutional Review Board of the University of Texas Health Science Center at Houston.
Measures
Cognitive and motor measures
General cognitive ability
The Bayley Scales of Infant Development-II 10 was employed for children ages 2-42 months of age. Bayley scores were corrected for prematurity for children with gestational ages of 32-37 weeks. Children aged 43-80 months were administered the Stanford-Binet Intelligence Scales-IV Edition. 11 The Bayley Scales has a mean score of 100 and standard deviation of 15 whereas the Stanford-Binet has a mean score of 100 and a standard deviation of 16. The scores from the StanfordBinet were converted to a standard deviation of 15, thereby placing both tasks on the same scale.
Motor skills
The Bayley Scales of Infant Development Motor Scales-2nd Edition were used to assess motor functions in children under the age of 42 months. For children aged 43-71 months, the McCarthy Scales of Children's Abilities 12 motor scales were administered. All motor scores were converted to standard scores with a mean of 100 and a standard deviation of 15.0
Language
For children aged 1-35 months, the Sequenced Inventory of Communication Development (SICD) was used. 13 Developmental age scores on the SICD were converted to developmental quotients. For children at least 36 months of age, the appropriate version of the Clinical Evaluation of Language Fundamentals (Preschool or Third Edition) 14 was used.
Composite developmental scores
As there are no tests of general cognitive, language, or motor ability that span the age range in this study, we created composite scores using the age appropriate measure for each child. We have successfully used this strategy in our previous studies in this age range. 15 16 Behavioural ratings
Adaptive behaviour
The Vineland Adaptive Behavior Scales (VABS) were administered with the caregiver of the child to characterise the level of communication, daily living skills, socialisation, and motor functioning. 17 For the physical abuse group, the caregivers were interviewed about the skills and behaviour of the child prior to the hospitalisation. The interviews were conducted within four weeks of hospitalisation.
Child's behaviour
The Parenting Stress Inventory (PSI)-3rd Edition 18 is a 120 item self-report measure that assesses parental stress, child behaviour, and life stress. The variables of interest for this study are derived from the Child Domain of the PSI. The Child Domain is composed of the following subscales: Distractibility/Hyperactivity, Adaptability, Reinforces Parent, Demandingness, Mood, and Acceptability. Caregivers of physically abused children were asked to complete the PSI shortly after their child was hospitalised, on average 1.5 group.bmj.com on June 21, 2017 -Published by http://adc.bmj.com/ Downloaded from (SD = 1.1) months post-injury and to rate the child's behaviour just prior to the injury. Caregivers of the comparison children were asked to rate their child's current behaviour.
RESULTS
Cognitive and motor findings
The physical abuse group performed significantly lower than the community comparison group on measures of general cognitive functioning (F(1,36) = 5.39, p = 0.03), motor skills (F(1,36) = 10.66, p = 0.002), receptive language (F(1,36) = 9.49, p = 0.004), and expressive language (F(1,36) = 13.68, p = 0.0007). Table 3 presents the mean scores.
Child behaviour findings
Adaptive and child behaviour information could not be obtained on four physically abused children. Domain scores from the Vineland Adaptive Behavior Scales (VABS), were significantly lower for children who had been physically abused relative to community comparison children only on the motor scale (F(1,31) = 13.03, p = 0.001). Group differences were not obtained for communication (F(1,32) 
MRI findings
Fifteen children in the physical abuse group underwent MRI of the brain. The scans were conducted from 49 to 482 days post-hospitalisation (median 145 days post-hospitalisation). MRI scans were reviewed by a board certified radiologist with a fellowship in MRI. The radiologist was blind to the probable cause of injury. Two children had abnormal findings on the MRI. Case 1 had mild atrophy of the frontal, temporal, and parietal regions bilaterally. Mild atrophy of the corpus callosum body and enlargement of the right lateral, left lateral, and third ventricles were also noted. Case 2 had mild frontoparietal bilateral atrophy and mild enlargement of the right and left lateral ventricles. Cases 1 and 2 had no known neurological insults. Neither child was found to have cephalohaematomas or scalp bruising at the time of hospitalisation based on physical examination. Both children were born full-term with no known prenatal or perinatal complications. Case 1 had been hospitalised with a spiral femur fracture and had bruises consistent with abuse. Case 2 was hospitalised with a spiral humerus fracture and also had bruises consistent with abuse. Both scored within the average range on cognitive measures.
DISCUSSION
This study is unique in obtaining cognitive, motor, and language testing as well as brain MRI scans in a sample of children who had been physically abused. The physical abuse group scored significantly lower than an age and sociodemographically matched group of comparison children with no history of injury on all cognitive and motor tests. On measures of general cognitive functioning, the physical abuse group scored at the 16th centile whereas the comparison children scored at the 37th centile. These findings highlight the deleterious effects of physical abuse on the development of children. Although no child in the physical abuse group had any indication of head injury at the time of hospitalisation, MRI of the brain revealed cerebral abnormalities in two of 15 children. Both children were found to have significant cerebral atrophy of unknown aetiology.
Neither of the children's parents reported previous head trauma and both children had normal prenatal and perinatal histories. It is possible that the atrophy was secondary to occult or prior head injury caused by abusive head trauma that was not reported to medical personnel. Both children scored within the average range on measures of cognitive functioning. These two children were lost to follow up and it is not known if cognitive deficits became more evident as they aged. Our findings support Rubin and colleagues' 5 assertion that the standard of care for children with abusive injuries should include neuroimaging of the brain in addition to skeletal surveys. The scans in the present study were not performed acutely and it is possible that acute neuroimaging may have revealed a greater incidence of cerebral injuries in this group. Despite significantly lower performance on measures of cognitive functioning, the physical abuse group was rated as comparable to the community comparison children in communication, daily living skills, and socialisation domains. Caregiver ratings of motor behaviour were lower for the physically abused than the comparison children. Caregivers were asked about the level of the child's motor skills prior to the trauma that resulted in hospitalisation (for example, femur fracture), therefore the low motor skills should not reflect the recent bodily injuries that can decrease the child's motility. It may be that because of repeated incidents of bodily injuries, children who are physically abused have weaker motor skills. Bruising, lacerations, and other painful injuries can decrease a child's motor activity and as such decrease their ability to develop new motor skills. Interestingly, contrary to previous studies, children who had been physically abused were not rated as having worse behaviour prior to the hospitalisation than community comparison children. 2-4 19 The children in the current study are younger than those included in previous studies and it is possible that younger children display less externalising behaviours. Internalising behaviours are less reliably identified by caregivers than externalising behaviours 20 and may be particularly difficult to identify in young children.
It is important that children identified as abused undergo developmental testing to document their level of functioning and to institute appropriate interventions. Abused children are at high risk for delays in their development and appropriate documentation of these deficits is essential in treatment planning and interventions. Likewise, physically abused children are also at high risk for occult head trauma and it is important that they are appropriately screened for brain injuries. Physically abused children with evidence of neurological abnormalities are likely to be at even greater risk for significant delays in their development due to the presence of both direct and indirect changes in central nervous system status resulting from injury and the deleterious effects of post-traumatic stress. 21 Provision of timely and appropriate interventions may improve cognitive and behavioural outcomes of physically abused children.
